Summary: Regional cerebral blood flow was measured by the 133-xenon inhalation method during resting in 38 healthy men and 38 healthy women matched pairwise for age in the range 18-72 years. The results showed 11 % higher global flow level in the women in all ages. A sim ilar and significant regression of flow by age was seen for both sexes. The regional flow distribution also showed some sex-related differences. Frontal regions showed an asymmetry in the men with higher values on the right
It is well established that regional cerebral blood flow (rCBF) mirrors brain metabolic activity (Raichle et aI., 1976) and provides information about the functional level of the cerebral cortex in normal subjects as well as in patients (Risberg, 1980) . However, only a few studies have addressed the issue of sex differences in brain blood flow. Gur et aI. (1982 Gur et aI. ( , 1987a ) demonstrated significantly higher mean hemispheric blood flow levels in fe male compared with male subjects. Higher flow levels in women were also reported by Davis et al. (1983) , Shaw et al. (1984) , and Gundling et aI. (1985) . In addition, these authors demonstrated a cessation of the differences after the age of 60. However, these findings are not unequivocally sup ported, because some investigators have reported no significant differences in CBF level between the genders (Melamed et aI., 1980; Hannay et aI., 1983) .
The aim of the present study was to elucidate whether hemispheric mean flow levels or regional flow distributions show any differences between the sexes, and if such differences vary with age.
side. The female flows were more symmetric. As a hy pothesis, it is suggested that the higher flow level in women may be a systemic phenomenon. In fact, other authors have found a higher cardiac index in females. The sex differences in regional flow pattern might be due to differences in the functional organization of the cortex and/or to differences in the mental processes of the "resting" state. Key Words: Regional cerebral blood flow-133-xenon inhalation-Sex differences-Aging.
MATERIALS AND METHODS
Seventy-six healthy volunteers, 38 men and 38 women matched by age, were investigated. The mean difference in age between the matched man and woman was 0.6 ± 0.7. The selection of subjects was made in collaboration between two CBF-laboratories, one in Genoa, Italy, and the other in Lund, Sweden. The age range for the men was 18-72 years (mean 38.0, SD 16.7) and for the women 20-72 years (mean 38.4, SD 16.8) . All subjects were right-handed as measured by Oldfield's Handedness In ventory (Oldfield, 1971) . Each subject underwent an in terview and general physical and neurological examina tion to exclude psychiatric illness, abuse of alcohol or drugs, hypertension, coronary, and peripheral vascular disease, systemic metabolic alterations, or neurological disorders. Hematocrit was not investigated. rCBF was measured by the 133Xe inhalation technique using 32 scintillation detectors placed in a helmet type of holder (Inhalation Cerebrograph 32 C, NOVO Diagnostic System, Hadsund, Denmark) as it is shown in Fig. 1 . The same equipment was used in both laboratories. The inert gamma-radiating tracer 133Xe (90 MBq/L) was inhaled during 1 min followed by 10 min of normal air breathing (Obrist et aI., 1975) .
The air passage artifact was corrected as suggested by Risberg (1980) , and acceptable peak counts were -1,200 for the head curve and 2,000 (end-tidal values) for the air curve. Data analysis was based on the Initial Slope Index (Risberg et aI., 1975) expressed as absolute values and relative distribution values (regional value in percent of the hemispheric mean). The arterial Pe02 level was esti mated from expired end-tidal CO2 values.
The measurement procedure was carefully explained before the study and the subjects were instructed to keep their eyes closed under the eye pads and to relax without falling asleep. Noise levels from various mechanical sources were kept at a minimum. Mean values and the SDs were computed for each de tector in both gender groups and the differences were an alyzed by unpaired t tests and F tests (to ensure homoge neity of variance). In both groups the significance of the asymmetries (right-left differences between absolute and distribution values for homologous regions) was analyzed by paired t test. To study the effects of age on CBF the male and female groups were divided into a young group (25 pairs below 45 years, mean age for men 27.6, SD 7. 1, and for women 27.7, SD 7. 1) and an old group (13 pairs above 45 years, mean age for men 58.4, SD 9.3, and for women 58.9, SD 9.1). In these groups the above men tioned statistical analyses were performed together with linear regression analysis. The Bonferroni correction was applied to adjust statistical levels of significance for mul tiple t tests. In the statistical comparisons of asymme tries, it should be noted that statistical significance to the p < 0.05 level should be taken with caution, due to the large number of statistical comparisons performed.
RESULTS

Nationality differences
An analysis of variance was performed com paring Italian and Swedish men and women. As ex pected no significant statistical differences related to nationality were found.
Mean hemispheric blood flow and arterial Peo2
The mean CBF levels for the total groups of men and women as well as for the young and the old groups are shown in Ta ble 1. The results showed a significantly higher CBF level in women compared with men in the total group (p < 0.01). The Pe02 values were not significantly different in all groups. A correction factor (0.75 Initial Slope Index units for each mm Hg of Pe02) was applied to normalize all Initial Slope Index values to 40 mm Hg of Pe02 (Maximilian et aI., 1980) . As is shown in Ta ble I, the correction slightly increased the sex differences T, temporal probes; P, parietal probes; 0, occipital probes.
between the young subgroups (p < 0.01) and slightly decreased the differences between the old subgroups (nonsignificant tendency).
Regression of rCBF by age
As shown in Fig. 2 , a significant regression of CBF with advancing age was found in the total fe male group (r = 0.61, p < 0.001, Pearson) and the total male group (r = 0.63, p < 0.001, Pearson). When analyzing the young and the old subgroups separately (Fig. 2) , the young subgroups showed a significant decrease of CBF with increasing age (women: r = -0.48, p < 0.05; men: r = -0.49, p < 0.05) whereas no significant correlation was found in the old subgroups.
The statistical comparison (t test for differences between regression lines) between the two slopes demonstrated no significant young versus old dif ferences.
Regional blood flow distribution
Absolute regional flow values were significantly higher in women than in men except for Fl, F2, F3, and C2 in the right hemisphere and Fl in the left ( Table 2 ). The rCBF distribution values (regional values in percent of hemispheric mean) for the total groups of men and women showed no significant differences. Differences in the rCBF distribution for young compared with old men and young com pared with old women are shown in Fig. 3 . The general change of the rCBF pattern by higher age was lower values in upper central, parietal, and oc cipital areas. This pattern was somewhat less clear cut in the right hemisphere of the women. Figure 4 shows the differences in flow distribu tion values between the young subgroups and the old subgroups. The young female group showed lower anterior and higher posterior values in the right hemisphere, whereas very small differences were seen in the left. In the old groups the differ ences between the sexes formed a more complex pattern, with higher right anterior temporal and left parietal values in the women.
Asymmetries
Right-left asymmetries of the flow distribution values in the total group as well as in the young and old subgroups are seen in Fig. 5 . There were no significant asymmetries of hemispheric mean flow levels in any of the groups. In the total as well as in the young male groups, right inferior frontal areas had significantly higher distribution values com pared with left homologous areas. A nonsignificant tendency in this direction was also found in the old male group together with higher left central-pari etal, and inferior-temporal values. The frontal asymmetry seen in the men was not found in the women. The asymmetries in the women consisted of higher values in anterior-tem poral areas on the right side, especially in the old group. Another more consistent asymmetry in the women was higher left central values.
DISCUSSION
The results showed significantly higher blood flow levels in women than in men. In the total groups the difference in mean hemispheric flow levels was � 11 %. A similar difference was seen in the young and old subjects. Our results agree with those of Gur et al. (1982) . They studied only a young group of subjects and found a gender differ ence in CBF that was similar to our findings. In a more recent study (Gur et aI., 1987a) were reported, based on larger material including also older subjects. Significantly higher CBF values in female subjects were also reported by Shaw et al. (1984) and Gundling et al. (1985) . Their findings to gether with those of Davis et al. (1983) , who showed that the mean flow differences were present until the sixth decade, are in good agree ment with our data. Fairly consistent results thus indicate that women have a higher mean CBF level than do men. One explanation of this difference between the genders has been given by Shaw et al. (1984) . They suggested that the higher flow level in women could be due to low blood viscosity associated with the menstrual cycle. Indeed, changes in whole blood viscosity have been shown to affect CBF (Ott et aI., 1985) . It is well known that blood viscosity, hematocrit levels, and hemoglobin content are interdependent factors. Moreover, at least in normal conditions, hemoglobin is correlated to oxygen-carrying ca pacity. Thomas et ai. (1977) demonstrated an in verse relationship between CBF and hematocrit in male patients with abnormal values. Davis et ai. (1983) reported lower levels of hematocrit in the women compared with the men, but the variation in hematocrit was too small to make it possible to study any relationship with CBF. Furthermore, Gur et ai. (1982) found that hemoglobin levels could not account for male-female differences in CBF. Nev ertheless, an inverse correlation between hemato crit or hemoglobin levels and CBF was found by Brown , and . The authors assumed that high CBF values in anemic subjects were a compensation for lower oxygen-carrying capacity. This is in line with the findings by Rootwelt et ai. (1986) , who, using dy namic 133Xe single photon emission tomography, proposed that male-female differences could be entirely explained by differences in hematrocrit values. Actually, it is not clear whether both ox ygen-carrying capacity and blood viscosity or one of the two factors alone are implicated in CBF regu lation.
On the other hand, it would be expected that, if higher CBF in women was entirely interpretable as a compensation for lower oxygen-carrying ca pacity, cerebral metabolism should be equal in the genders. On the contrary, recent data by Baxter et ai. (1987) showed higher cerebral glucose metabolic rates in women than in men studied by positron emission tomography. They attribute this difference to the influence of estrogens, because all women were examined in the first 15 days of the menstrual cycle, when serum estrogen levels are higher. In deed, the sex-hormone fluctuations during the men strual cycle could affect blood rheology and indi rectly CBF, by modifying many physiological pa rameters (basal body temperature, ionic balance, and body fluid).
Another hypothesis that should be taken into ac count is that female CBF per 100 g of brain tissue could be higher as a compensation for the lower weight of the female brain (on the average � 10% less than males; Buerger, 1960) . Indeed Hatazawa et ai. (1987) and Baxter et ai. (1987) , who studied CBF in normal men and women by positron emis sion tomography, suspect that the gender differ ences could be due to the larger brain size in men. Hatazawa et ai. (1987) reported 9% higher meta bolic rate and 9% lower brain size in women com pared with men. The sex difference disappeared when metabolism and brain size were multiplied. Perfect equality between the sexes will thus be the result if the absolute metabolism or flow is calcu lated and not values per weight of brain tissue.
Our study lacks data concerning hormone levels, blood rheology parameters, and brain volume. A correlative study on blood flow and the above-men tioned parameters could clarify the findings on sex CBF differences.
Moreover, it was recently reported (Messerli et aI., 1987 ) that a striking sex difference exists in resting heart rate, cardiac index (the cardiac output divided by the whole body area), and pulse pres sure. All these parameters were shown to be higher in women than in men of similar age and with sim- ilar blood pressure. Peripheral resistance index was significantly lower in women. These data seem to indicate a higher systemic blood flow in women in line with our findings of a higher brain blood flow.
Age regression
Highly significant correlations between CBF and age were found in our total groups of men and women, in accordance with the results of the ma jority of recent rCBF studies (Naritomi et ai., 1979; Melamed et ai., 1980; Davis et ai., 1983; Matsuda et ai., 1984; Our et ai., 1987a; Hagstadius and Ris berg, 1988) . However, when the young and the old subject groups were studied separately we found a significant decline of CBF only in the young groups, but the difference between the regression slopes was not statistically significant. It could, however, be noted that only few subjects in the older group were >60 years old. Out data indicate a marked drop of CBF from ages -20-25 years. This finding is in line with the conclusion by Kety (1956) that CBF and oxygen consumption rapidly de crease during the first decades of life followed by a more gradual progressive decline. Among the pos sible explanations for a decreased cerebral metabo lism and blood flow is a progressive loss of cerebral neurons, and increased numbers of senile plaques, and granulovacuolar degeneration (Tomlinson et ai., 1968) . However, the mechanisms underlying a CBF reduction in younger subjects are more un clear. This decline might be related to maturational changes of the CNS (Miller et ai., 1980) . The fact that the CBF level and pattern re flects the functional state of the subject in the mea surement situation also has to be realized. The high blood flow in the young subjects might be due to a lesser degree of familiarity with situations of this kind leading to more apprehensiveness and anxiety (Our et ai., 1987b) .
Regional distribution values
We found significantly lower distribution values in left frontal areas and higher values in left central parietal and occipital areas of the left hemisphere in old compared with young men. The same compar ison in women showed more scattered changes. Primary and secondary motor and sensory cortex together with occipital areas were shown to be more resistant to age-related declines in the study by Shaw et al. (1984) , in agreement with our findings. A reduction of frontal flows with ad vancing age has been reported in several studies (Naritomi et ai., 1979; Melamed et ai., 1980; Mat suda et ai., 1984; Shaw et ai., 1984) but this was only seen in the men. This indication of frontal dys function is interesting to relate to the findings of Te rry et al. (1987) , who found a significant shrinkage of large neurons together with a decre-ment in the neuron-glia ratio in midfrontal and su perior temporal areas in normal aged brains. These results thus support the suggestion by Melamed et al. (1980) that the age-related reduction in frontal blood flow is related to neuronal loss.
Asymmetries
The absence of significant differences between the hemispheres regarding mean absolute flow values is in agreement with the findings of Matsuda et al. (1984) . Other studies have, however, reported small but significant right-left mean flow asymme tries in normals Shaw et al., 1984; Hagstadius and Risberg, 1988) .
The regional distribution values showed frontal flow asymmetries in the men. The finding is in agreement with previous reports (Blauenstein et al., 1977; Prohovnik et al., 1980; Matsuda et al., 1984; Hagstadius and Risberg, 1988; Aviram and Risberg, 1988) of significantly higher values in the right frontal lobe of dextral males. It has been sug gested that the frontal areas of the right hemisphere play an essential role in the control and mainte nance of attention (Jutai, 1984) . It is tempting to re late this CBF asymmetry to the attentional state of the subject, e.g., attention to bodily sensations re lated to the measurement procedure. The absence of a similar asymmetrical pattern in women is, how ever, pUzzling. It may indicate true sex differences in the organization of the cerebral cortex (Hannay et al., 1983; Warkentin et al., 1986) but may also reflect sex-related differences in the functional state of the brain during the examination period, e.g., more verbal activity in resting women.
In conclusion, our study of pairwise age-matched normal subjects has not only corroborated previous findings of significantly higher global flow levels in women than in men but has also demonstrated sig nificant regional differences, the nature of which, however, still is unclear.
